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ABSTRACT 

V 

Four  soils  from  the  Army  Corps'  Adobe  Dam  project  in  central 
Arizona  were  compared  chemically  and  for  seeding  responses.  Results 
demonstrated  the  ability  of  subsoil  fill  materials  to  support  seeded 
species,  but  in  lower  densities  than  topsoiled  areas.  Seeding  date 
proved  crucial  in  establishment  and  later  seeded  topsoils  supported 
significantly  lower  densities  of  most  seeded  species  than  fill  soils 
seeded  earlier.  Significant  vegetation-soil  correlations  demonstrated 
relationships  of  species  densities  and  both  nitrate-nitrogen  and  total 
nitrogen.  Significant  negative  correlations  of  Salsola  paulsenii  and 
the  seeded  species  At rip lex  canescens  are  reported.  Regression  of 
seeded  species  and  seven  soil  variables  yielded  equations  explaining 
sizable  variations  in  seeded  species  densities.  Nitrate-nitrogen  was 
the  major  factor  in  these  equations,  followed  by  pH,  electrical 
conductivity,  percent  clay,  percent  gravel,  surface  roughness  and 
total  cations.  Seeding  in  favorable  moisture  periods  on  roughened 
sub so 11  seedbeds  amended  with  nitrogen  is  recommended  for  similar 
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INTRODUCTION 


In  desert  regions,  conditions  favoring  the  natural  r^stablishment  of 
vegetation  may  only  occur  every  four  to  seven  years  (Hassell  1977). 
Barren  areas,  stripped  of  vegetation^ are  invaded  slowly  by  plants. 
Speeding  this  process  requires  stable  ^soilsj^properly  gradedj,  techniques 
to  improve  moisture  conditions,  and  corrections  of  soil  fertility  and 
toxicity  problems.  Without  analyses,  undetected  soil  problems 
(salinity,  alkalinity,  and^aodlcity^^n  lead  to  seeding  failures.  The 
Department  of  Transportation  wisely  utilized  soil  analyses  prior  to 
successfully  treating  over  5,000  acres  of  disturbed  lands  along 
Arizona's  roadways  (Mortenson  1979).  In  1979,  the  USDA/SEAM  report  on 
soils  outlined  soil  analyses  required  for  reclamation  planning  and 
emphasized  the  need  for  research  to  correlate  these  analyses  with  plant 
response. 

Fertilizer  use  is  best  determined  from  soil  analyses.  Nitrogen  and 
phosphorus  are  connonly  deficient  in  the  southwest;  however,  any 
additions  should  be  judiciously  applied.  For  desert  sites,  Cook,  Hyde 
and  Sims  (1974)  recommend  nitrogen  additions  with  planting  or  late  In 
the  first  growing  season.  Mortenson  (1979)  found  that  excessive 
fertilizer  can  induce  lush  vegetation  stands  that  cannot  be  supported  by 
the  limited  moisture  available.  Thornburg  (1982)  suggests  that 
fertilizer  use  may  be  most  appropriate  on  nontopsoiled  areas. 


Topsoil,  higher  in  fertility  and  organic  matter,  may  be  replaced 
over  subsoils  to  improve  the  seedbed  (Cook,  Hyde  and  Sims  1974). 
Additionally,  topsoils  can  contain  a  trove  of  native  seed  materials 
which  are  otherwise  unavailable.  Benefits,  however,  are  site  dependent. 
Topsoiling  costs  range  from  5-10,000  dollars  per  hectare  (Wright,  Berry 
and  Blaser  1978)  and  available  topsoil  is  often  of  low  quality.  Proper 
use  requires  careful  analyses  of  subsoil  and  topsoil  materials  (Verma 
and  Thames  1978). 

Steep  slopes  rarely  support  satisfactory  vegetation  and  should  be 

reduced  by  grading  (Thornburg  1982,  Mortenson  1979).  Furthermore, 

topsoil  will  not  usually  adhere  to  slopes  greate/f  than  25°  (Smith  1973). 

Binding  on  slopes  can  be  aided  by  decreasing  slope  angles  and  tilling  or 

applying  topsoil  to  roughened  areas  (Wright,  Perry  and  Blaser  1974). 

Reducing  slope  angles  and  controlling  aspect  can  also  favorably  affect 

soil  moisture  and  control  solar  load  (Hassell  1977,  Frank  and  Lee  1966). 

In  addition  to  slope  reductions,  soil  surface  modifications  improve 

moisture  retention  and  aid  in  seedling  establishment  (Cook,  Hyde  and 

Sims  1974).  Small  basins,  pits  or  trenches  create  depressions  for 

runoff  and  naturally  conserve  moisture  (Hodder  1977).  Woodruff  and 

Blaser  (1968)  demonstrated  that  roughened  surfaces,  whether  topsoil  or 

subsoll^increased  soil  moisture,  decreased  temperatures,  improved 

germination,  and  resulted  in  higher  plant  densities.  A  four  fold 

improvement  of  vegetation  cover  on  roughened  subsoils  was  reported. 

"The  detrimental  practice  of  constructing  seedbeds  with  smooth 
hard  surfaces  gives  a  false  impression  of  'finished  grading' 
and  a  job  well  done,  but  vegetation  often  fails.  Roughened 
surfaces,  with  rockr  left  in  place,  give  an  'ugly'  appearance 
to  the  no*  ice,  but  *  tcourage  water  infiltration  and  speed  up 
the  estab  ••Kmenf  .  vegetation,  as  well  as  decrease  the  rate 
of  water  fl',~  (Weight,  Perry,  and  Blaser  1978.  p.559). 
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In  areas  where  vegetation  establishment  may  be  difficult,  or  soils 
erosive,  mulch  is  advised  (Thornburg  1982).  Mulches  reduce  runoff 
velocity,  increasing  water  percolation  into  the  soil.  Mulches  also 
decrease  evaporation  and  reduce  soil  temperature  (Kay  1978).  Cook,  Hyde 
and  Sims  (1974)  propose  the  use  of  mulch  over  depressions  created  by 
surface  modifications.  Mulch  alone  cannot  duplicate  the  benefits  of  a 
soil  cover,  and  Springfield  (1972)  advocates  the  application  of  mulch 
only  after  the  seeds  have  been  covered  with  soil.  Additionally,  heavy 
mulch  application  can  preclude  seedling  penetration.  As  a  rule,  some 
soil  should  be  visible  after  mulch  has  been  applied  (Kay  1978). 

Straw  or  hay  mulch,  favored  by  the  Department  of  Transportation, 
requires  anchoring  and  may  introduce  weedy  species  (Mortenson  1979).  To 
diminish  this  problem,  Kay  (1978)  suggests  setting  a  maximum  weed 
content  of  0.5Z  by  weight.  This  problem  may  be  eliminated  altogether  by 
using  wood  fiber  which  additionally  requires  no  anchoring  (Thornburg 
1982).  Length  is  the  major  factor  in  stability  of  fibrous  mulches  and 
longer  fibersyield  greater  erosion  control  (Kill  and  Foote  1971).  Rock 
or  gravel  often  overlooked  as  mulching  materials  may  be  readily 
available  on  site  and  have  provided  effective  moisture  conservation  on 
highway  slopes  west  of  Phoenix  (Hassell  1977).  Meyer,  Johnson,  and 
Foster  (1972)  demonstrated  that  crushed  stone  can  match  or  exceed  the 
mulching  effect  of  straw.  Mulching  is  expensive  and  often  a  rocky 
undulating  seedbed  may  be  the  cheapest  and  most  effective  treatment  for 
establishing  vegetation  (Kay  1978). 
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Plant  species  selected  should  be  based  on  planned  land  use  and  soil 
and  climate  limitations  (Thornburg  1982).  Adapted  species  or  ecotypes 
should  be  selected  for  their  tolerance  to  adverse  conditions.  Because 
of  site  diversity,  the  use  of  a  species  mix  rather  than  a  single  species 

is  advised  (Plummer,  Christenson,  and  Monsen  1968).  Germination  and 

c , 

purity  of  native  seed  species  vary,  henfe  seeding  rates  should  always  be 
expressed  as  pure  live  seed  (PLS)  (Long  1981).  Cook,  Hyde  and  Sims 
(1974)  recommend  rates  of  215-269  PLS/m2  for  grass  species  in  desert 
areas  with  surface  modifications.  When  forbs  and  shrubs  are  included, 
they  recommend  seeding  at  32-54  PLS/m2  and  slightly  reducing  the  amount 
of  grass  seed.  Increased  amounts  are  advised  for  critical  areas  such  as 
west  and  south  facing  slopes.  Arizona  Department  of  Transportation 
combined  seeding  rates  for  mixes  range  from  215-646  PLS/m2  depending  on 
the  site  (Mortenson  1979).  Thornburg  (1982)  counmtls  that  215  PLS/m2  is 
minimal  and  urges  higher  rates  for  use  on  unfavorable  sites.  The 
accepted  rule  is  to  double  seeding  rates  for  broadcast  seeding  or  for 
unfavorable  sites  (Cook,  Hyde  and  Sims  1974,  Mortenson  1979). 

There  is  no  question  that  seeding  operations  should  precede  the 
season  with  the  highest  precipitation  (Cook  et  al.  1974,  Plummer  et  al. 
1968,  Jordon  1982,  Thornburg  1982).  Jordon  (1982:56)  argues  that  the 
"seedbed  is  a  very  poor  place  to  store  seeds".  He  therefore  recommends 
that  seeding  precote^)  favorable  moisture  conditions  by  no  more  than  three 
months  if  conditions  are  dry.  Seed  viability  decreases  the  longer  the 
seed  remains  dormant  in  the  soil,  and  it  is  unwise  to  depend  on  seed 
from  last  season's  seeding  operation  for  the  success  of  a  revegetation 
project.  Because  of  the  importance  of  seeding  in  favorable  moisture 
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periods,  further  studies  documenting  the  importance  of  site  specific 
seeding  dates  are  necessary. 

Both  drill  and  broadcast  seeding  are  used  in  the  sputhwest.  Drill 
seeding  insures  better  seed  cover,  results  in  higher  germination  and  is 
commonly  preferred  (USDA/SEAM  1979).  A  rangeland  drill  featuring  high 
clearance  and  rugged  construction  is  widely  used  (Packer  and  Aldon 
1978).  On  difficult  sites  drill  use  may  be  precluded  and  broadcasting 
is  appropriate.  Broadcasting  methods  must  be  followed  by  seed  covering 
operations.  Discing,  harrowing,  drag  chaining  or  even  hand  raking  are 
all  used  (Thornburg  1982,  Mortenson  1979).  Although  expensive, 
hydroseeding  a  mix  of  seed,  fertilizer,  and  mulch  can  be  very  effective 
on  areas  with  difficult  access  or  roughened  seedbeds.  To  improve 
results,  seed  and  mulch  should  be  applied  independently  (Kay  1977). 

The  following  questions  arising  from  a  review  of  literature  need 
further  study: 

1.  Can  soil  analyses  be  correlated  to  seeded  species  response? 

2.  Is  the  use  of  subsoils  rather  than  expensive  topsoil  in  the 
establishment  of  a  protective  cover  appropriate? 

3.  Can  differential  establishment  of  species  seeded  in  favorable 
and  unfavorable  moisture  periods  be  documented  and  utilized? 

The  reclamation  project  by  the  Army  Corps  of  Engineers  at  Adobe  Dam 
provided  an  opportunity  to  conduct  these  studies.  The  thrust  of  this 
work  is  to  develop  inexpensive  revegetation  alternatives  that  maximize 
success  through  the  understanding  of  natural  ecological  processes  and 
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SITE  DESCRIPTION 

o 

Skunk  Creek  drains  a  325km  watershed  in  the  Basin  and  Range 
province  of  central  Arizona.  Because  this  watershed  can  generate 
considerable  flood  discharges,  the  Army  Corps  constructed  Adobe  Dam  in 
the  lower  reaches  of  the  Skunk  Creek  Basin,  between  the  Hedgpeth  Hills 
and  Adobe  Mountain  (US  Army  Corps  of  Engineers  1978).  The  basin 

Y' 

consists  of  quaternary  alluvial  plains  abruptly  inteijupted  by  steep 
basaltic  hills  uplifted  in  the  Tertiary  period  (Earl  1983). 

Brown  (1982)  describes  this  region  as  Lower  Colorado  River  Valley 
subdivision  of  the  Sonoran  Desert  biome.  Two  major  vegetation  series 
occur  in  this  subdivision:  the  Creosotebush-White  Bursage  series  and 
the  Saltbush  series.  Of  the  two,  the  first  is  most  common.  Larrea 

^  I 

diveracata  subsp.  tridentata  (Creosotebush)  and  Ambrosia  dumosa  (White 
Bursage)  occur  in  broad  plains  and  decrease  in  importance  on  upper 
bajada  slopes.  While  Ambrosia  barely  extends  past  valley  floors,  Larrea 
maintains  a  position  on  steep  slopes  and  often  into  mountainous  regions 
(Brown  1982). 

The  Saltbush  series  can  be  found  on  gently  sloping  areas  where  finer 
soils  promote  greater  water  retention.  These  soils  additionally 
decrease  water  penetration,  resulting  in  higher  soil  salinity.  Atriplex 
polycarpa  may  occur  in  pure  stands  in  these  areas.  More  commonly,  A. 
polycarpa  and  A.  canescens  are  found  together  in  association  with  Lycium 
and  Prosopis.  When  areas  predominated  by  Saltbush  are  disturbed  by 

Z. 

heavy  livestock  grafceing,  exotic  annuals  such  as  Schismus  (Mediterranean 
Grass),  Bromus  rubens  (Red  Brome),  and  Sisymbrium  lrio  (Yellow  Rocket) 


can  become  established  (Brown  1982).  Earl  (1983)  reported  grazing  by 
nearly  39,000  head  of  cattle  in  the  central  Skunk  Creek  Basin  from  1900 
to  1950. 

Succession  in  the  Lower  Colorado  River  Valley  subdivision,  as 
described  by  Karpiscak  and  Grosz  (1979)  and  Karpiscak  (1980),  involves 
mainly  exotic  species.  It  was  reported  that  in  abandoned  agricultural 
fields,  Salsola  quickly  invades,  followed  in  two  to  three  years  by 
mustard  species.  These  mustards  are  replaced  in  time  by  introduced 
annual  grasses  and  other  non-native  species  such  as  Erodium  cicutarium 
(Filaree)  and  a  few  natives,  most  commonly,  Spaeralcea  (Mallow). 
Baccharis  sarothroides  (Desert  Broom),  Isocoma  will  usually  become 
established  before  Larrea  or  Atriplex  reoccupy  the  area. 

Along  washes  where  water  is  more  available,  Cer^cidium  floridum 
(Blue  Palo  Verde),  Olneya  tesota  (Ironwood),  Prosopls  glandulosa  var 
torreyana  (Honey  Mesquite),  and  Psorothamnus  splnosa  (Smoketree)  are 
common.  Common  associates  include;  Acacia  greggi  (Catclaw  Acacia), 
Lycium  andersonli  (Anderson  Thornbush)  and  Baccharis  sarothroides  (Brown 
1982). 

Other  common  Sonoran  Desertscrub  perennials  include  Encelia 
farinosa  (Brittlebush),  Fouquleria  splendens  (Ocotillo),  Cer^cidium 
microphyllum  (Foothill  Palo  Verde),  Carnegiea  gigantea  (Saguaro), 

Opuntia  blgelovll  (Teddybear  Cholla),  Mammllairla  tetrancistra 
(Pincushion  Cactus)  Echlnocereus  engelmannli  (Englemann  Hedgehog)  and 
Ferocactus  acanthodes  (Barrel  cactus)  (Brown  1982). 

Gasser  (1983)  noted  that  Skunk  Creek  is  lined  with  Cer^Cldium 
floridum,  Prosopls  glandulosa  var  torreyana .  Olneya  tesota.  Acacia 


greggl ,  Baccharis  sarothrjlo'des ,  Celtls  pallida  (Desert  Hackberry),  and 
Condalia  lycoides  (Greythorn).  The  alluvial  plains  are  characterized  by 
Larrea.  He  further  reports  that  the  basaltic  hills  commonly  support 
Carnegiea  gigantea,  and  Cercidium  microphyllum. 

Soils  in  the  vicinity  of  Adobe  Dam  have  been  mapped  by  the  Soil 
Conservation  Service  (1977)  and  are  mostly  Antho-Brios  sandy  loams. 

These  furnished  the  topsoils  used  in  facing  the  west  dam  slopes.  The 
Hedgpeth  Hills  and  Adobe  Mountain  at  either  end  of  the  dam  are  Cherian 
rock  outcrop  complexes;  shallow  gravelly  loams  over  basaltic  bedrock. 

The  soils  adjacent  to  Adobe  Mountain  are  Estrella  loams  and  were  used 
for  topsoiling  the  east  dam  face.  The  borrow  pit,  located  behind  the 
dam,  provided  fill  materials  (Gunsight-Rillito  complexes). 

Temperature  and  precipitation  data  collected  from  a  nearby  weather 
station  in  Deer  Valley  reflect  the  mild  winters  and  hot  summers  typical 
of  this  area  (Figure  1).  This  station  reports  freezing  temperatures  on 
the  average  of  only  25  days  annually.  Conversely,  temperatures  in 
excess  of  43°C  are  common  in  late  June  through  mid-July  before  the 
summer  rainy  season.  Throughout  the  year,  clear  skies  and  dry  air 
facilitate  rapid  daily  surface  heating.  In  areas  exposed  to  nightly 
cool  air  drainage,  wide  diurnal  temperature  changes  can  result  (Sellers 
and  Hill  1974). 

Precipitation  in  this  region  averages  18-25  cm  annually  and  is 
bimodally  distributed  with  December /March  July/August  maxima  (Laboratory 
of  Climatology  1975).  Winter  precipitation,  accounting  for  60Z  of  the 
total,  is  the  result  of  middle  latitude  systems  forming  in  the  north 
Pacific  and  moving  eastward.  These  storms  occasionally  intensify  off 


1. 


Mean  monthly  temperature  and  precipitation  for 
Deer  Valley,  Arizona. 


Mean  values  for  period  1950-1970  as  reported  in 
Sellers  and  Hill  (1974) . 


TEMPERATURE  (°C  shown  by  curve) 
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the  southern  California  coast*,  In  summer  months,  moist  tropical  air 
from  the  Gulf  of  Mexico^  rises  over  mountains  and  cumulonimbus  buildup 
occurs.  As  these  thunderheads  pass  over  intensely  heated  ground 
surfaces,  high  winds  and  brief  convection  thunderstorms  result.  Weak 
tropical  disturbances  moving  across  Arizona  from  the  Pacific  and  Gulf  of 
California  add  to  Bummer  precipitation  (Sellers  and  Hill  1974). 

Both  long  duration  and  high  intensity  precipitation  cause  ephemeral 
flow  in  Skunk  Creek  for  a  mean  of  seven  days  annually  (Earl  1983). 
Therefore,  the  dam  retains  no  permanent  reservoir.  The  dam  located  at 
411. 5  m  elevation,  is  earth  fill  type  construction  and  over  3.4  km  in 
length.  The  22°  dam  face  has  a  south-southeast  aspect  and  is  divided  at 
one-third  its  length  by  the  35th  £.venue  overpass. 


MATERIALS  AND  METHODS 


Slope  preparation  included  removal  of  large  stones  and  bulldozing 
fill  materials  to  create  a  smooth  surface.  This  even  surface  was 
completely  overlain  with  15  cm  of  crushed  rip-rap.  The  final  surface 
was  not  homogeneous.  Topsoil  entirely  covers  rip-rap  east  of  35th 
Avenue;  west  of  35th  Avenue  topsoil  alternates  with  rip-rap  covered 

i 

fill.  Between  the  stone  rip-rap  no  fill  was  visible. 

The  seed  mix  of  species  described  below,  was  applied  to  the  dam  face 
at  the  rate  of  8.7  kg/ha  using  a  Fynn  paddle  agitation  hydroseeder  and 
no  mulch.  Three  Atrlplex  species  were  seeded  at  Adobe  Dam.  Atriplex  is 


a  genus  known  for  drought  resistance  and  tolerance  of  saline  and 
alkaline  soil  conditions. 

Atriplex  canescens  (Four-wing  Saltbush)  is  a  long  lived  perennial 
shrub  that  is  easily  established  from  seed.  Once  established,  it  is 
fairly  cold  hardy;  however  young  plants  are  frost  sensitive.  A  deep 
rooting  system  provides  erosion  control  and  on  mine  tailings  this 
saltbush  has  competed  successfully  with  Salsola  (Hassell  1977).  This 
species  was  seeded  at  a  rate  of  2.2  kg/ha  PLS.  Recommended  rates  are 
2. 2-4. 5  kg/ha  for  broadcast  seeding  (Jordon  1981,  Nord  1977,  Thornburg 
1982). 

Atriplex  polycarpa  (Desert  Saltbush)  is  not  as  cold  tolerant  as 
Four-wing  Saltbush;  however,  it  is  more  drought  tolerant,  establishing 
successfully  with  as  little  as  7.5  cm  of  rainfall  annually  (Thornburg 
1982).  It  thrives  on  deep  well  drained  soils  at  elevations  up  to  1.5 
km.  Desert  saltbush  is  easily  established  on  harsh  sites  and  is  most 
often  used  in  conjunction  with  other  Atriplex  species  (Nord  1977, 
Hassell  1977).  Atriplex  polycarpa  was  seeded  at  the  rate  of  1.0  kg/ha 
PLS. 

Atriplex  lentiformls  (Quallbush)  is  tolerant  of  extreme  heat  and 
cold.  Quallbush  does  best  with  additional  water  from  runoff  or  where 
deep  roots  can  penetrate  to  a  shallow  water  table.  Vigorous  seedlings 
and  rapid  growth  characterize  this  plant  which  grows  at  low  elevations 
with  a  mean  annual  precipitation  of  17.5  cm  (Thornburg  1982,  Hassell 
1977,  Duffield  and  Jones  1981).  Atriplex  lentiformls  was  seeded  at  a 
rate  of  2.5  kg/ha  PLS. 
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Baccharls  sarothroldes  (Desert  Broom)  is  an  aggressive  pioneer  on 
disturbed  sites.  It  has  been  widely  used  for  revegetation  and  erosion 
control  on  streambanks.  Desert  broom  adapts  to  a  variety  of  soil  types 
and  is  moderately  salt  tolerant.  Occasional  irrigation  may  be  required 
for  establishment  of  this  species  in  areas  with  less  than  25  cm  of 
annual  rainfall.  Seed  from  Baccharis  is  difficult  to  collect  and  clean 
but  has  a  high  germination  rate,  promoting  rapid  spreading  of  this  plant 
once  established  (Thornburg  1982,  Duffield  and  Jones  1981).  Baccharis 
sarothroides  was  seeded  at  the  rate  of  0. 7  kg/ha  PLS. 

Encelia  farinosa  (Brittlebush)  is  easily  established  from  seed, 
however  seed  germination  inhibitors  in  the  seed  coat  may  result  in  a 
long  dormancy  period.  Nord  (1977)  recommends  soaking  seed  in  Clorox 
before  seeding.  Brittlebush  is  drought  tolerant  and  does  best  with 
25-30  cm  of  annual  rainfall.  It  is  not  very  tolerant  of  saline  or 
alkaline  conditions  (Nord  1977,  Duffield  and  Jones  1981).  Encelia 
farinosa  was  seeded  at  the  rate  of  0.67  kg/ha  PLS. 

Plantago  insularls  (Indian  Wheat)  is  an  easily  established  annual. 

It  is  most  often  used  for  quick  color  in  seeding  operations.  Erosion 
control  is  limited  due  to  the  small  root  system.  Drought  tolerance  and 
tolerance  to  salinity  varies  with  ecotype  (Kearny  and  Peebles  1960). 

Areas  east  of  35th  Avenue  were  seeded  on  February  9,  1982.  The 
topsoil  and  rip-rap  areas  west  of  35th  Avenue  were  seeded  on  March  23  of 
the  same  year.  Only  topsoiled  areas  were  drag  chained  to  cover  the 
seed. 

Climatological  data  documenting  precipitation  and  temperature 
patterns  were  collected  weekly  during  the  study  period 


(February-September  1982).  Sixes  type  minimum/maximum  thermometers 
located  Inside  the  Army  Corps'  Adobe  Dam  compound  recorded  air 
temperature  at  30  cm.  above  ground  surface*  Rain  gauges,  consisting  of 
number  10  cans  with  a  layer  of  mineral  oil  to  prevent  evaporation,  were 
positioned  throughout  the  study  area.  Arizona  State  University 
Climatological  Laboratory  provided  corresponding  data  for  two  proximate 
weather  stations.  Solar  input  for  the  dam  slopes  and  horizontal  areas 
was  assessed  using  potential  irradiation  at  34°  latitude  (Frank  and  Lee 
1966). 

A  small  slope  of  fill  material  was  constructed  in  the  borrow  pit 
behind  the  dam  to  simulate  the  dam  face  without  topsoil  or  rip-rap 
cover.  The  surface  was  left  rough  and  was  seeded  at  the  same  time  as 
the  east  portion  of  the  dam. 

Soils  from  four  study  areas  at  Adobe  Dam  were  compared:  east  dam 
topsoils ,  west  dam  topsoils,  west  rip-rap  covered  fill  soils,  and  soils 
from  the  specially  constructed  slope  of  fill  material.  Soil  samples 
were  randomly  collected  along  transects  in  study  areas  and  analyzed  for 
major  soil  parameters  affecting  soil  fertility.  Percent  gravel  was 
determined  gravimetrically.  Standard  methods  measured  texture, 
electrical  conductivity,  pH,  soil  cations  (ammonium  acetate  procedure) 
and  exchangable  ammonium-nitrogen  (Black  1965).  Nitrate-nitrogen  was 
determined  by  potassium  chloride  extraction  and  reduction  through  a 
column  of  cadmium  filings  (American  Public  Health  Association  in  1975). 
Summing  ppm  nitrate-nitrogen  and  ammonium-nitrogen  yielded  total 
available  nitrogen.  Phosphorus  was  determined  by  sodium  bicarbonate 
extract  (Watanabe  and  Olsen  1965). 
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Irregularities  in  the  soil  surface  were  measured  as  an  indication  of 
microhabitat  potential.  In  each  slope  study  are^,  the  distance  between 
the  surface  and  ^taunt^line  was  measured  at  random  distance  points. 

The  standard  deviation  of  these  measurements  reflect  surface 
variability,  with  the  larger  standard  deviations  Implying  rougher 
microterrain. 

Vegetation  sampling  was  conducted  at  the  end  of  the  spring  growing 
and  summer  rainy  seasons.  For  sampling  purposes,  the  east  and  west 
study  areas  were  divided  into  five  7.6  km  sections.  The  small  fill 
slope  was  not  divided.  A  modification  of  Daubenmlre's  Canopy-coverage 
technique  (Daubenmire  1959)  positioned  a  2x5  dm  plot  frame  randomly 
along  top,  middle,  and  bottom  transect  lines  for  a  total  of  40  sample 
frames  per  section.  Within  the  frame,  occurrence  and  numbers  of  species 
were  noted.  Frequency  and  density  for  each  species  were  calculated. 

The  SAS  and  BMDP  statistical  software  packages  were  used  in  computer 
analysis  of  data.  The  general  linear  model  for  analysis  of  an 
unbalanced  design  was  used.  Statistical  differences  between  mean  values 
for  different  areas  were  evaluated  with  Duncan's  multiple  range  test. 
Correlations  were  determined  using  the  Spearman  rank  coefficient. 
Equations  to  determine  relationships  between  soil  factors  and  seeded 
species  were  determined  using  stepwise  multiple  regression  analysis. 
Transformations  were  performed  when  necessary  to  meet  the  assumptions 
for  analysis  of  variance. 
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RESULTS  AND  DISCUSSIONS 

Temperature  data  from  Adobe  Dam  and  weather  stations  in  Deer  Valley 
and  Youngtown  show  a  slight  trend  for  warmer  maximum  temperatures  at  the 
dam  (Table  1).  Winter  precipitation  differs  moderately  for  the  three 
areas  (Table  2).  The  highly  localized  nature  of  summer  convection 
storms  causes  summer  rainfall  variations  between  stations. 

Although  values  for  solar  beam  irradiation  potentially  hitting  study 
areas  (Figure  2)  may  differ  from  actual  irradiation,  they  allow 
comparison  of  solar  load  for  this  study  area  to  other  locations  and 
provide  a  fairly  accurate  measure  of  this  site  factor  (Frank  and  Lee 
1966).  Seeding  date  one  corresponded  with  the  lowest  irradiation 
values.  These  Increased  gradually  throughout  the  study  period,  and  did 
not  taper  off  until  August. 

Microterrain  evaluations  (roughness)  based  on  the  variability  of  the 
soil  surface  did  not  differ  significantly  for  the  areas  (Table  3), 
indicating  an  overall  uniformity  of  the  slope  surface.  This  does  not 
mean  that  surfaces  were  uniformly  smooth  but  that  roughness  variations 
were  similar  among  areas. 

Soil  analyses  are  presented  in  Table  3.  Texture  determinations 
characterized  the  east  topsoils  as  loams,  the  west  topsoils  as  a  mix  of 
sandy  loams  and  loams,  and  the  rip-rap  covered  fill  and  fill  slope  soils 
as  sandy  loams.  The  two  fill  soils,  with  the  slope  fill  being  most 
extreme,  are  higher  in  gravel  and  sand  and  lower  in  clay  than  the  two 
topsoils.  The  east  topsoils  are  highest  in  clay  and  lowest  in  sand. 
Therefore,  one  would  expect  the  east  topsoils  and  the  slope  fill  soils 
to  exhibit  texture-related  chemical  differences. 
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TABLE  2 


.  Precipitation  in  Centimeters.  February  through 
September  1982. 


Period 

ending  Adobe  Dam  Deer  Valley  Youngtown 


2/10 

11 

5 

3 

2/17 

13 

12 

12 

2/24 

14 

7 

4 

3/2 

- 

- 

- 

3/9 

- 

2 

18 

3/17 

38 

27 

34 

3/23 

6 

4 

5 

3/31 

8 

14 

6 

4/6 

- 

- 

- 

4/13 

4 

2 

- 

4/21 

- 

- 

- 

4/27 

- 

- 

- 

5/6 

5 

- 

14 

5/12 

3 

T 

4 

5/19 

- 

- 

- 

5/24 

- 

- 

- 

6/2 

- 

- 

- 

6/8 

- 

- 

- 

6/15 

- 

- 

- 

6/22 

- 

- 

- 

6/29 

- 

- 

- 

7/7 

3 

5 

14 

7/13 

1 

- 

- 

7/19 

2 

1 

2 

7/27 

11 

8 

8 

8/2' 

12 

3 

16 

8/10 

- 

- 

- 

8/16 

20 

13 

15 

8/24 

8 

70 

49 

9/3 

- 

- 

1 

9/8 

7 

1 

- 

9/14 

- 

4 

1 

9/20 

- 

- 

1 

9/27 

- 

- 

- 

Values  for  Deer  Valley  and  Youngtown  were  obtained 
from  Arizona  State  University  Climatological  labora¬ 
tory. 

Note:  Precipitation  is  reported  here  on  a  semiweekly 
basis  and  may  include  more  than  one  rainfall 
event . 


FIGURE  2.  Potential  daily  solar  irradiation  for  a  22°  angle  SSE  slope  at  34°  latitude 
Values  from  Frank  and  Lee  (1966) . 
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Electrical  Conductivity  in  mmhos/ca.  Values  U  indicate  saline  conditions 
NOTE:  Values  in  same  rows  followed  u j  same  letter  are  not  significantly  d 

the  0.05  level. 
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Values  for  electrical  conductivity,  an  indirect  measure  of  salinity, 
did  not  indicate  saline  conditions  often  associated  with  desert  soils 
and  were  not  significantly  different  for  test  areas.  Values  for  pH 
differed  significantly  between  slightly  alkaline  topsoils  and  moderately 
alkaline  fill  materials.  Arid  soils  are  typically  alkaline,  and  pose  no 
problem  for  desert-adapted  plant  species. 

Nitrogen,  often  the  limiting  factor  in  plant  growth,  is  generally 
low  in  the  tested  soils.  Topsoils,  as  expected,  were  higher  in  total 
available  nitrogen,  with  the  east  area  topsoils  significantly  higher 
than  the  two  fill  soils. 

Phosphorous  values  obtained  at  Adobe  Dam  are  low  in  comparison  to 
agricultural  soils,  but  within  the  range  for  "virgin"  (nonagrlcultural) 
soils  (Tisdale  and  Nelson  1975).  Quantities  present  should  be 
sufficient  to  support  native  vegetation. 

High  sodium  levels  can  be  problematic.  Many  species  are  sensitive 
to  excesses  and  high  amounts  deteriorate  soil  structure,  reducing 
porosity  and  water  infiltration.  Sodium  values  determined  at  Adobe  Dam 
are  insufficient  to  warrant  concern.  The  other  soil  cations;  magnesium, 
calcium  and  potassium  are  within  normal  expected  ranges  for  arid, 
slightly  alkaline  soils  (Chapman  1965). 

Fill  soils,  less  fertile  than  topsoils,  were  significantly  lower  in 
nitrogen  and  clay,  as  well  as  higher  in  pH,  gravel,  sand,  and  6odlum. 
Despite  these  differences,  no  major  soil  problems  were  detected  that 
preclude  vegetation  establishment. 

Satistical  comparison  of  species  densites  for  the  study  areas  (Table 
4)  demonstrate  the  Importance  of  seeding  in  favorable  moisture  periods. 
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TABLE  4.  Mean  density  values  (m  )  for 
species. 

seeded  and 

selected 

nonseeded 

East  ^ 

Fill 

West  2 

Rip-rap 

Species 

topsoil 

Slope1 

topsoil 

covered. 

fill 

Seeded 

Atriplex  canescens 

6.52  A 

2.88  B 

0.91  C 

0.03  D 

Atriplex  lentiformis 

4.75  A 

2.31  B 

1.17  B 

0.10  C 

Atriplex  polycarpa 

8.53  A 

8.41  B 

2.12  C 

0.18  D 

Baccharis  sarothroides 

0.64  A 

0.00  B 

0.25  AB 

0.21  AB 

Encelia  farinosa 

1.67  A 

2.19  A 

0.39  B 

0.08  B 

Plantago  insular is 

5.76  A 

10.27  A 

0.39  B 

0.00  B 

Nonseeded 

Er odium  cicutarlun 

0.50  A 

0.00  C 

0.21  B 

A 

0.03  C 

Salsola  paulsenii 

0.70  B 

0.35  B 

1.34  B 

5.22  A 

Schismus  barbatus 

3.99  A 

0.00  B 

0.84  AB 

0.20  B 

Sphaeralcea 


0.00  B 


0.00  B  3.91  A 


0.00  B 
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Plant  densities  for  Seed  date  1  (February  2)  are  consistently  and 
significantly  higher  than  the  other  seed  time  (March  23)  with  the 
exception  of  Baccharis  which  was  low  to  nonexistant  in  all  areas.  Two 
samples  were  made  and  the  data  generated  survivability  information. 

Small  significant  differences  were  exhibited.  Baccharis  densities 
decreased  on  the  east  topsoils.  Even  at  this  earlier  seed  date 
(February  2)  seedling  establishment  was  not  adequate  to  maintain 
densities  during  the  onslought  of  summer.  Encella  also  showed 
significant  declines  on  the  fill  slope  due  in  part  to  high  initial 
establishment.  Atriplex  polycarpa  and  A.  lentiformis  decreased  on  the 
west  topsolled  areas  and  rip-rap  covered  fills  respectively. 

Topsoils  generally  supported  higher  species  densities  than  the  fill 
soils  for  each  seeding  date.  This  is  due  to  higher  fertility  of  the 
topsoils  as  well  as  their  stored  seed  reserves.  Encella  and  Plantago , 
however,  tended  to  be  nonsignlficantly  higher  on  the  fill  slope.  This 
may  be  due  to  low  diversity  as  evidenced  by  the  absence  of  Baccharis , 
Erodlum.  and  Schlsmus.  The  absence  of  the  nonseeded  species  as  well  as 
the  low  numbers  of  Salsola  can  be  explained  by  the  distance  between  the 
fill  slope  and  natural  seed  sources.  The  absence  of  Baccharis  is  more 
difficult  to  explain.  The  high  numbers  of  Encella  found  on  the  fill 
slope  and  February  seed  date  may  provide  answers. 

High  densities  of  A.  polycarpa  occurred  at  all  locations  and  reflect 
a  greater  drought  tolerance  than  the  other  Atrlplexes.  Of  the 
Atriplexes.  A.  canescens  and  A.  polycarpa  exhibit  similar  distributions 
in  the  different  areas.  Low  densities  for  all  seeded  species  proved  the 
rule  for  the  rip-rap  covered  areas.  Salsola,  however,  exhibited  its 
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highest  densities  for  this  area,  most  likely  because  of  low  densities  of 
other  species.  The  primary  cause  of  low  densities  on  rip-rap  is 
probably  poor  seed/soil  contact  due  to  the  depth  and  thickness  of  the 
rip-rap  cover. 

Correlation  data  for  the  topsoiled  areas  are  presented  in  Table  3. 
The  snail  sample  size  of  the  fill  slope  and  the  low  densities  on  rip-rap 
covered  fills  exclude  them  from  analysis  with  soil  factors.  There  were 
substancial  differences  in  correlation  relationships  between  east  and 
west  topsoiled  areas  that  are  not  easily  explained  by  differences  in 
soil  factors.  The  two  seeding  dates  likely  effected  soil-vegetation 
relationships.  Drought  and  nonseeded  species  competition  are  therefore 
important  in  explaining  differences  in  correlations. 

In  general,  vegetation  response  was  positively  correlated  with 
nitrate-nitrogen  and  total  available  nitrogen  for  all  species  with  the 
exception  of  A.  lentlformls  on  the  west  topsoil  area.  Responses  were 
inconsistently  correlated  with  ammonium,  sometimes  showing  a  negative 
correlation,  as  evidenced  by  Baccharis  and  Plantago  on  the  east  topsoil. 
Phosphorus  was  strongly  negative  in  correlation  with  the  Atrlplex 
species  on  the  west  topsoil. 

The  contrary  negative  relationships  of  seeded  species  with  nitrogen 
variables  and  phosphorus  can  be  understood  by  examining  major  nonseeded 
species  correlations  with  these  same  soil  variables  (Table  6).  West 
topsoils,  seeded  later,  allowed  more  time  for  nonseeded  species 
establishment  without  competition  from  seeded  species.  Strongly 
correlated  associations  of  Salsola,  Erodium.  and  Sphaeralcea  to  nitrogen 
variables  were  observed  on  west  topsoils.  It  is  likely  then,  that  the 
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negative  correlation  for  some  seeded  species  with  phosphorus  and 
nitrogen  are  due  to  competition  with  nonseeded  species. 

Although  relationships  on  the  two  topsoiled  areas  are  different,  A. 
canescens  and  A.  polycarpa  densities  are  similarly  correlated  to  soil 
variables.  This  similarity  may  explain  why  A.  canescens  and  A. 
polycarpa  are  commonly  associated  in  natural  plant  communities  (Brown 
1982).  A.  lentiformis  differed  from  the  other  Atriplex  species.  There 
were  significant  correlations  to  potassium  and  magnesium  which  were  not 
matched  by  the  other  Atriplex  species.  Density  relationships  to  pH, 
electrical  conductivity,  and  clay  were  markedly  different.  A. 
lentiformis  further  differed  in  that  it  was  the  only  species  that 
revealed  negative  correlations  with  nitrate-nitrogen  and  total  available 
nitrogen.  This  may  suggest  poorer  competitive  establishment  when 
nitrogen  is  more  limiting.  All  three  Atriplex  species  showed  little 
relationship  to  phosphorus  on  the  east  topsoil  where  tests  revealed 
phosphorus  to  be  relatively  high  (Table  3).  Strong  negative 
correlations  between  Atriplex  species  and  phosphorus  however,  were 
evident  on  the  west  topsoil.  This  may  imply  a  more  efficient  phosphorus 
association  with  weedy  competitors  on  the  later  site.  Indeed, 
Sphaeralcea  and  Schismus  demonstrate  a  strong  positive  correlation  to 
phosphorus  on  west  topsoils  (Table  6). 

Baccharls  and  Encelia  both  show  positive  correlations  with 
nitrate-nitrogen  and  total  nitrogen,  but  are  notably  different  in  their 
relationship  to  other  soil  factors.  However,  Baccharls  has  a 
significant  negative  association  with  ammonium  which  can  be  interpreted 
as  a  competition  response.  Encelia  and  Baccharls  show  contradicting 


significant  correlations  with  variables  sodium,  clay,  magnesium  and 
potassium.  This  trend  is  followed  and  illustrated  by  a  significant 
negative  correlation  between  Encella  and  phosphorus  and  a  positive 
correlation  between  Baccharis  and  phosphorus. 

Plantago  follows  the  major  trends  of  positive  correlation  to  nitrate 
and  total  nitrogen  as  well  as  the  contrary  negative  correlation  to 
ammonium  observed  at  this  site.  The  differing  correlations  observed  for 
the  two  areas  do  not  correspond  to  major  soil  differences  (Table  3)  and 
show  that  nonsoil  factors  like  competition  and  differing  seeding  date 
must  be  considered. 

Table  7  shows  the  correlation  coefficients  between  seeded  and  four 
nonseeded  species.  The  overall  implication  is  that  negative 
correlations  observed  are  due  to  a  competitive  response  between  seeded 
and  nonseeded  species.  Additionally,  it  can  be  surmised,  that  when 
seeded  densities  are  low  (as  with  the  later  seeded  areas)  weedy  species 
like  Salsola  take  over.  The  significant  negative  correlation  between 
Salsola  and  Atriplex  canescens  supports  evidence  (Hassell  1977)  that  A. 
canescens  successfully  competes  with  Salsola. 

Combinations  of  soil  factors  regressed  with  plant  densities  explain 
substantial  variability  in  plant  densities  (Table  8).  Nitrate-nitrogen 
proved  to  be  the  foremost  factor  in  the  equations.  Other  important 
variables  Included  pH,  followed  by  EC,  clay,  and  gravel.  Total  cations 
and  roughness,  although  not  prominent  in  all  equations,  did  account  for 
sizable  variations  in  selected  species  (A.  lentlformls  in  particular). 
Equations  generated  for  the  east  topsoil  areas  accounted  for  more  of  the 
species  variation  than  did  equations  for  the  west  topsoil  areas.  Strong 


TABLE  7.  Spearman  correlation  coefficients:  Seeded  densities  with 
selected  nonseeded  densities. 
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similarities  are  however,  evident  between  equations.  Notable  is  the 
high  Tc  value  obtained  by  regressing  A  lentiformis  with  just  three 
variables  (Table  8).  Less  variability  was  explained  for  the  other 
Atriplexes.  Encelia  and  Baccharis  appear  more  selective  and  thus  their 
variation  is  easier  to  explain.  Only  seven  soil  factors  provide  sizable 
explanations  for  variations,  demonstrating  that  soil  factors  are  related 
to  species  response. 

The  seeding  operation  at  Adobe  Dam  provided  rich  opportunities  to 
examine  revegetation  techniques.  Topsoiling  was  not  necessary  for  this 
particular  site  and  seeding  earlier  in  the  rainy  season  would  have 
raised  densities  for  seeded  species.  If  erosion  control  and  plant 
establishment  both  are  desired,  then  rip-rap  areas  to  be  seeded  should 
have  less  rip-rap  cover.  Fill  materials  should  be  visable  between  the 
stone  (Kay  1978),  providing  greater  potential  for  seed/soil  contact. 
Relations  between  soil  variables  and  plant  species  yielded  management 
decision  information.  The  most  Important  variable,  nitrate-nitrogen  is 
easily  manipulated.  Both  regressions  and  correlations  indicate  that 
application  of  nitrogen  fertilizer,  as  recommended  by  Cook,  Hyde  and 
Sims  (1974),  would  result  in  greater  densities  of  species. 

Roughness,  although  not  as  major  an  accounting  factor,  is  Important 
in  creating  habitats.  The  contradicting  negative  and  positive 
correlations  reveal  that  roughness  is  a  complex  soil  factor.  Trade-offs 
need  to  be  made  between  the  favorable  creation  of  microhabitat  potential 
and  the  sacrifice  of  seed  soil  contact.  Blaser  and  Woodruff  (1968) 
conducted  their  study  on  the  microhabitats  created  by  roughened  seedbeds 
In  a  humid  region.  The  positive  correlation  with  roughness  on  east 


topsoils  and  the  negative  correlation  on  west  topsoils  may  result  from 
higher  moisture  stress  during  the  second  seeding*  Decreased  seed/soil 
contact  severely  restricts  water  imbibition  by  seeds  and  in  unfavorable 
moisture  periods  this  factor  limits  germination.  It  is  believed, 
however,  that  the  benefits  of  a  roughened  seedbed  justify  its  use  when 
seeding  dates  correspond  with  favorable  moisture  periods. 
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